The aim of the study was to analyse with Microsoft Kinect (Kinect) the differences in lower limb kinematics during sub-phases of modified Timed Up and Go test (modTUG) in men with Parkinson's disease (PD) compared to healthy age-matched male individuals. Eight men with mild-to-moderate PD (age 67.5±4.5 yrs) and eight healthy men (age 69.8±8.0 yrs) participated. Kinect along with KinectPsyManager (v1.0) and Matlab2016b software was used for data collection. Selected lower limb kinematics and gait speed (GS) were calculated during sittingto-walking (STW) transition while performing modTUG. According to Kinect men with mild to moderate PD did not differ from healthy counterparts in aspects of postural characteristics of STW, with the exception of smaller distance between knees while sitting (p<0.001). Men with PD were found to perform the walking phase of STW transition slower (p<0.01) and with slower GS (p<0.01) comparing to healthy men. In conclusion, compared to healthy men, Kinect detects smaller distance between knees during sitting before transitioning from STW in men with mild to moderate PD. In addition, men with PD also demonstrated slower GS and a longer walking phase of STW transition in comparison to healthy men.
INTRODUCTION
Parkinson disease (PD) is one of the most common neurodegenerative diseases among elderly. The occurrence of PD rises with age, with an age-specific prevalence of 425 per 100,000 at the age group of 65-74, and 1903 per 100,000 in individuals over 80 yrs [19] . The cause of the disease still remains unknown and is often classified as idiopathic or sporadic PD [5, 11] .
The mechanisms of PD are complex. The main pathological marker for PD is considered to be the degeneration of the cells in basal ganglia, which leads to insufficient levels of dopamine, resulting in motor symptoms of the disease [12] . The characteristic features of PD include motor symptoms such as resting tremor, rigidity, bradykinesia and postural instability [12] .
Due to the motor symptoms, everyday tasks involving transfers, gait and gait-related activities are affected in PD. One of the activities many individuals with PD struggle with is standing up from a chair and walking [23] . STW is a frequently required movement of everyday life [23] and a basic transfer needed for mobility and functional independence [11] .
As PD is a neurodegenerative disease, the condition of the patient pursues to worsen over time [12] . It is crucial to continue monitoring the progression of the disease and functionality of the patient in order to offer the best possible support and care for people living with PD.
There are a number of assessment measures available to assess the functionality and mobility. Timed Up and Go test (TUG) is one that can be applied in PD population [21] . TUG has been used to assess patients with moderate to severe PD [22] .
TUG is a widely used functional test to assess and predict falls, declines in health and difficulties with activities of daily living in elderly [16, 24] . A classical TUG test assesses the patient's ability to perform sequential loco motors tasks of standing up, walking 3m turning and walking back to sit down. The standard procedure of TUG test measures the duration (in seconds) of the aforementioned performance [9] . However, recent findings report that in assessing patients with early to mild stage of PD, the classical TUG test is not sensitive enough to detect abnormalities [22] .
In recent years there have been an increasing number of studies where different type of motion sensors have been used along with standard performance of TUG. Studies have revealed that instrumented TUG (iTUG) can provide more information comparing to measures taken by a classical TUG [15, 21, 22] . A major part of this research includes use of different types of camera based assessment tools for instrumental motion analysis [4, 6] .
Conventional video-based assessment tools like 3D gait analysis systems (e.g. Vicon) are the gold standard for analysis of gait and other motions. The drawback of Vicon-like systems is the need for spacious (laboratory) settings, usage of reflective markers, many cameras and competent experts. Altogether, this assessment method is very resource-dependant [6] .
A rather new, simple and low-cost motion sensor is found to be the Kinect sensor by Microsoft Inc. Kinect is a camera-based sensor mostly known as an accessory for a gaming console known as Xbox. Kinect recognises movement of the body without additional body markers or force platforms, and has proven to be reliable in measuring temporal characteristics of people with PD [6] .
Combining a standard outcome measure like TUG test along with Kinect can provide extended information. Recording spatiotemporal characteristics of different phases of a functional activity (e.g. getting up from a chair and walking) potentially enables the development of specific and targeted interventions that addressees the motor limitations contributing to the impaired performance. Later is beneficial for increasing or maintaining the functionality and independence of a person living with PD.
The purpose of the current study was to analyse differences of lower limb kinematics and temporal characteristics detectable by Kinect during STW sub-phase of modTUG test in male individuals with PD compared to healthy male counterparts.
MATERIALS AND METHODS

Subjects
The study was conducted as a part of a larger project "Changes of functional capacity among patients with Parkinson's disease" and has been approved by the Ethics Committee of the University of Tartu (Certificate nr 245/M-25, dated 16.02.2015) .
Sixteen men, recruited from The PD Association of Tartu and Tallinn, were divided into two equal sized and age-matched groups -PD-group and Control group (CG). All the PD-group participants had confirmed PD diagnosis (according to the Queen Square Brain Bank (QSBB) criteria) by an expert neurologist and were examined during "on"-period (in a case of existing motor fluctuations as a complication of levodopa therapy) [20] . CG consisted of age-matched healthy elderly men. The exclusion criteria included previous cardio-vascular incident, concurrent neurological condition, or presence of any other untreated medical condition that might affect mobility. In addition, participants with moderate to severe cognitive impairment on Mini Mental State Examination and persons who used walking aids were excluded from the study. The PD and CG did not differ in means of demographic parameters (Table 1) . 
Procedure
ModTUG test was used for data collection to analyse the differences detectable with Kinect in lower limb kinematics of STW performance while performing modTUG test. Kinect was used for this study in order to track and save the movements of hip and knee joints. Kinect is a camera based gadget that uses infra-red sensors and colour sensors to track the movements of subjects. It has a built-in software that allows to detect 20 points of the body (large body joints) thereby constructing a digital image of the body. The use of additional body markers is not needed [13] .
The software KinectPsyManager v1.0 was developed for Kinect in the Tallinn University of Technology. The software enabled the recording the movements of participants in different planes. Matlab2016b software was used to transform the collected data the recorded movement coordinates into joint angles of interest. In current study, hip and knee joints were chosen for data analysis.
ModTUG test was used due to restrictions by Kinect sensor sensitivity: there is an optimal distance where Kinect can accurately detect movements [13] . Based on previous research using Kinect, it was found that the maximal walking distance that would still enable to obtain accurate data would be 2.08 m. Therefore, the participants performed TUG test according to standard protocol with the exception of shorter walking distance instead to the standard 3m. Kinect was placed at a height of 90cm, 3.35 m away from the chair, facing the participant.
Participants were instructed to stand up, walk to the cone placed 2.08 m from the chair, turn around the cone over dominant shoulder and walk to the chair and return to sitting (with back supported). Three consecutive trials were performed. Five "Markers" were distinguished during execution of the modTUG:
• Marker 1: the participant is seated; • Marker 2: the participant is standing (maximal extension in both hip and knee joints) position; • Marker 3 the participant has walked to the cone and starts the turn; • Marker 4 the participant has ended the turn; • Marker 5 the participant has walked back to the chair (and is facing it);
• Marker 1 (start of new attempt) the participant has sat back down (back against the chair).
All the markers were manually adjustable during data analysis process. In the current study, Markers 1-3 were chosen as the main focus was to analyse the STW performance. STW was further divided into two phases: sit-tostand (STS) (Marker 1 to Marker 2) and walking (Marker 2 to Marker 3). Postural characteristics of STW were derived from data recorded by Kinect: Maximal joint angles (in degrees) were used to clarify if there is a deficiency in extension when standing, as PD patients are known to be charac terised by stooped posture [5] . In addition, the minimal joint angles were included to enable the calculation of the range of motion (ROMcalculated as a subtraction of minimal joint angle from maximal joint angle, measured in degrees) demonstrated by the participant during total motion of STW captured by Kinect. ROM is often reduced in PD due to rigidity and bradykinesia [5] .
The distance between knees during STW motion was also recorded as another postural parameter of interest to characterise the step width and base of support of the participants. The maximal and minimal distances between knees (in cm) were recorded for STW and sub-phases.
The duration of STW and sub-phases (STS and walking) was recorded. Additionally, GS was calculated (m/s).
The mean of three trials was used for data analysis to compare men with PD and the CG.
Statistical analysis
Statistical analysis was performed with two commercially available statistical softwares. Descriptive analysis (mean±standard deviation) was performed using Microsoft Excel (2016) and further statistical analysis was conducted with R-studio software. The distribution of data was analysed with Shapiro-Wilk test. Differences between groups were analysed depending on the distribution of data using either student-t or Wilcoxon test. The level of significance was set as p<0.05.
RESULTS
Postural characteristics
It was found that based on recordings by Kinect both participants in PD group and CG reached similar, near fully-extended positions in both hip and knee joints while performing STW phase of modTUG test. No differences in joint excursion were found ( Table 2) . As no differences between right and left side values of the registered parameters were found in either group, the results are presented as mean values of the right lower limb. The distance between knees differed in men with and without PD during STW performance. The difference arises from sitting position, where the maximal and minimal distance between knees was significantly reduced (p<0.001) in men with PD compared to CG. The results are illustrated in Figure 1 .
Temporal characteristics
The duration of STW was found to be significantly longer (p<0.01) in PD patients compared to healthy elderly (4.2±1 sec vs 3±0.5 sec, respectively) to stand up and walk 2.08m than people in CG. A more detailed look revealed that total duration was increased due to slower walking phase of the STW performance. At the same time, no difference in STS was found (see Figure  2 ). PD patients walked significantly slower (p<0.001). 
DISCUSSION
The aim of this study was to analyse the differences of selected kinematic characteristics detectable by Kinect during specific phases of modTUG test in male individuals with Parkinson's disease compared to healthy agematched men.
Though, due to presence of bradykinesia in PD patients, it could be expected to find reduced movement amplitude in individuals with PD [5] . However, this was not the case in current study neither in the extent of extension in lower limbs nor in joint excursion demonstrated during STW.
Both men with and without PD reached near-full extension in hip and knee joints during STW. Nugis [17] reported similar results in a study comparing the performance of Five-Times STS test in PD and healthy elderly. Our findings are also in accordance with Cachia [2] who established similar findings when comparing PD participants' lower limb joint angles to healthy elderly while performing STS.
In the current study, no differences were found between groups in the ROM of knee and hip joints during STW. An assessment of straight line walking of patients with PD similarly did not detect any differences in ROM of knee and hip joints [4] . A previous study comparing STW in PD patients and healthy counterparts during performance of iTUG found no differences in trunk flexion range [23] .
A possible explanation for not finding any differences between PD patients and CG in joint angles in our current study could probably lie in stage of PD. Changes in posture that may be associated with rigidity, like increased flexion and reduced movement amplitude in neck, trunk, upper and lower limbs usually develop in the later stages of the disease [10] . The participants of the current study had mild-to-moderate PD. It is possible that the results would have revealed differences between groups if the patients with moderate-to-severe PD were examined.
Moreover, PD participants were assessed while being in "on"-period with motor symptoms better controlled, allowing participants with PD to move at their best possible level [20] . It is likely that when the study would have been conducted with the participants being in "off "-period, the differences in postural characteristics could have been evident between groups.
Nonetheless, despite no differences were found in our study, it is important to assess ROM and also to educate patients to maintain it in order to prevent loss in ROM in the future as during the disease progression, also rigidity may worsen [5, 10] .
In the current study, the distance between knees was measured during STW movement. Measuring the distance between knees can reflect information about step width and base of support. In current study, PD participants did not reach the same maximal distance between knees while performing STW. When looking at the separate parts of the movement-sitting and walking, no differences in distances between knees were found during walking. These findings are supported by previous studies, where also no difference in step width during walking was found between PD and CG groups [1, 4] .
As mentioned above, the difference found between groups resulted from sitting position, where the distance between knees was smaller in PD participants. Taking into account the previously established findings that an optimal base of support is needed for safe STS movement to decrease risk of falling [11] , the results show that participants with PD in current study potentially are not using an optimal base of support and could be at higher risk of falling due to that while performing STS movement.
The reason behind differences in knee distances among the two groups might be due to muscle strength. It is known that PD participants are prone to have weakness in muscles surrounding hip and knee joints [14] which would make it more difficult to maintain a stable distance between knees. This should be considered when planning therapy: targeted muscle strengthening to hip abductors and adductors and practising optimal base of support during transfers could help to decrease the risk of falling in people with PD.
Chen [3] established that compared to non-fallers, elderly who had recurrent falls, performed the STW movement of TUG test slower. 70-87% of people with PD will fall at one point during their disease [8] . In current study PD patients also performed STW movement of modTUG test slower compared to CG (p<0.01). These findings are similar with a study by Van Uem [23] where PD participants also performed STW part of iTUG significantly slower.
A more detailed look into STW duration revealed that the duration of STW was mainly increased due to longer duration of walking phase in PD group. This is in accordance with findings from Eltoukhy [4] who found similarly that PD participants are slower in walking tasks compared to healthy elderly.
The duration of STS phase of STW was similar in PD and CG group. These findings are in agreement with a previous study where the STS transfer during Five-Times STS test was similar in PD patients compared to healthy elderly [17] .
Previous research has established that patients with PD have slower GS when compared to healthy elderly [5] , and our results further support this. However, the GS of PD patients in the current study was considerably slower compared to a study of Parker [18] (0.77m/s vs 0.94 m/s), though the stage of the disease was similar in both of the studies. Findings of the current study are closer to average GS of 0.88 m/s detected in PD participants with more advanced disease (H&Y score 3-4) [7] . However, at least partly the slow GS of our PD participants can be attributed to the fact that GS was recorded during functional activity of STW performed on a short walking trail. Besides the short distance also accele ration (post standing up and starting to walk) and deceleration (prior to turning) were included in our study. In contrast, Hass [7] and Parker [18] measured the GS while straight line walking. However, as CG performed under same circumstances, the difference in GS between PD patients and controls is evident and the slowness of PD patients cannot be solely attributed to the short walking distance. The slower GS of PD participants might potentially arise from other PD characteristics symptoms like bradykinesia or start hesitation [5] .
Another reason for slow GS could be the use of a non-specific room. GS is often measured in gait laboratories [18] . Zampieri [22] found that PD patients walk slower in home settings compared to gait laboratories settings while performing iTUG test. The room used in our study was comparable to home-environments due to its size.
We recognize there are some limitations of our study. The main limi tation of the study was the relatively small sample size. Additionally, the usage of Kinect to assess PD patients with more advanced disease is limited, as currently the system does not enable the detection and recording of motion in case of more than one individual in the vision range of the system. However, patients with severe PD would definitely require someone to safeguard their performance. In addition, the possibility to record postural and temporal characteristics while turning would provide valuable additional information.
Future studies should concentrate on the turning phase and stand-to-sitphase of TUG test. Additionally, a similar study comparing PD participants with and without history of falls (and fear of falling), could increase the understanding about the associations between performance of functional activity such as STW and falls risk of PD patients.
The main strength of the current study was the use of a relatively new method Kinect for analysis of a classical functional test like modTUG for data collection. We used a cost-effective alternative to the gold standard of 3D motion analysis systems that can be used in more flexible environments resembling home and clinical settings [22, 23] . Additionally, the possi bility to analyse with Kinect and objectively assess the temporal characteristics of specific phases of STW provides extended information compared to standard assessment of TUG.
